Introduction
There is a considerable body of research examining the impact of pre-operative education on recovery following surgery. In the U.K., pre-operative teaching was shown to be effective in reducing stress [1] and pain and anxiety [2] in postoperative general surgical patients. Many of the reported studies are from North America and meta-analyses have shown a beneficial effect from pre-operative education. For example Hathaway [3] analysed 68 studies and found a 20% improvement in postoperative outcomes in experimental subjects. Devine and Cook's [4] meta-analysis of 102 studies focused on how psycho-educational interventions influence recovery. Analysis showed a positive effect in respect of pain, psychological wellbeing and satisfaction with care in this and a later meta-analysis [5] . Overall, the meta-analyses [3] [4] [5] [6] demonstrated that preoperative education has a positive influence on recovery after surgery, despite the fact that individually many of the studies fail to show a significant difference between experimental and control groups. Studies have been criticized, by for example Lindeman [7] and Shuldham [8] ,
for lack of blinding, unclear randomization protocols, lack of homogeneity in the sample and insufficient size. Detail is rarely given about the 'usual care' received, and experimental interventions are short, lasting on average 42 min [4] and falling in later studies to 30 min [5] . Most researchers collected data from subjects approximately 3-4 days after operation. The longer term effects of teaching are not known, the impact of illness severity, age and sex are also unclear. Although positive effects were found irrespective of who provided the education it is not possible to examine whether the results are generalizable to conditions where regular staff rather than researchers conduct the teaching.
Cardiac surgery
Several studies explore the issue of education in relation to cardiac patients. Some include all cardiac surgical patients whether they are having coronary artery bypass grafts (CABG) or valve surgery [9, 10] . Others recruit only CABG patients [11] [12] [13] [14] [15] [16] . Review of these studies [17] suggests that the impact of pre-operative education for people having coronary artery bypass surgery is far from clear and further research is warranted. That said, a recent study [18] not included in the review showed that a multidimensional pre-operative intervention led to a reduction in length of stay and improved quality of life.
Research design and method
A randomized, single blind, controlled clinical trial was designed. This set out to test the null hypothesis that, compared to a referent group, there would be no reduction in postoperative anxiety, pain, depression and length of stay and no increase in wellbeing in patients who have received pre-operative education, at 6 months following a first episode of coronary artery bypass surgery.
Data from a previous study [19] were used for a power calculation. This was set to demonstrate a 25% reduction in outcome measures (pain, anxiety and depression) in the experimental as compared to control subjects, at the 0·05 level of significance with 90% power. It was calculated that 276 patients were required. As mortality was known to be 2·5% this also needed to be accounted for in recruitment.
Ethical approval for the proposal was obtained from the local research ethics committee. All letters, consent forms and patient information leaflets were reviewed. Each patient was given an information sheet and a copy of the signed consent form.
Entry criteria
The population under study was all the people at the study hospital awaiting coronary artery bypass surgery for the first time. There were approximately 700 patients a year. Patients had to be 18 years of age or older, having a first episode of coronary artery bypass graft (CABG) surgery at the study hospital and be willing and able to attend the education clinics. As the education and questionnaires were in English, patients had to be fluent in that language.
Study protocol
Patients who fulfilled the entry criteria were approached by telephone. Those who could not be reached in this way were sent a letter of invitation. People who expressed a willingness to consider the study were sent a letter, information and a consent form.
Following receipt of the consent form, the patient was sent the initial outcome measures. There were four questionnaires. The SF-36 [20] was used for patient characterization prior to randomization to allow identification of important differences between experimental and control groups in analysis. The Hospital Anxiety and Depression (HAD) scale [21] measured anxiety and depression and a Visual Analogue Scale (VAS), body map and categorical rating scale for pain intensity and relief, all focused on pain. This was a new composite questionnaire. A reliability study on 101 pairs of questionnaires using McNemar's test showed no difference in pain intensity (P=1·00) or relief (P=0·73) between assessments. Finally the General Well-Being Questionnaire (GWBQ) [22] was used. Once these had been returned patients were randomized by another member of the department, using computer generated random numbers to reduce bias in allocation of the patients to the two groups. In this way the researchers, members of the educational programme and staff on the ward were blinded to the patient group. People in the experimental group were then invited to the education clinic, run by an independent team of staff.
Patient education programme: the intervention
Pre-admission patient education in the study hospital was already offered to some patients [23, 24] . Audit evaluation showed that patients enjoyed the day, found it beneficial [25] and that their pain was reduced [24] . The hospital education programme for cardiac surgical patients comprized both the pre-hospital component, the independent variable in this study, and the usual care, namely the programme of inpatient education. These involve members of all the health care professions (nurses, physiotherapist, doctor) and although there is a team, over time individuals changed. In order to overcome the difficulties this presented, an agreed brief was used for each session in the intervention and usual education programmes.
Each patient assigned to the experimental arm attended the hospital once for approximately 4 h in a group of between 10 and 15 people early in the waiting period. Relatives could choose to attend. The education programme provided information on pre-operative events and likely progress. Factors personal to the patient such as recovery and stay in intensive care/ recovery, pain and analgesia were discussed ( Table 1) . The atmosphere was informal with questions and discussion encouraged. Videos were used and a package of written information given to everyone. An optional visit to the wards and intensive care unit was arranged. The researchers did not join in with the day. The intervention was more comprehensive in the range of topics, duration and variety of staff than any example in the literature.
The usual education provided, informally on a oneto-one basis by staff as part of the normal care which control and intervention groups received, started at the time of admission, anything from a few days to the day before surgery. Nurse, doctor, physiotherapist, occupational therapist, pharmacist and dietician all participated. This individual teaching was supplemented by a regular series of sessions on the wards to which patients were invited. Patients not in the research also attended both the pre-and in-hospital programmes and staff were unaware of whether a person was or was not in the study. Study patients were asked not to alert staff to their assigned group.
Prior to commencing the main study a convenience sample of ten patients was assigned randomly for approach by letter or telephone call. Five people contacted by each method returned consent forms and questionnaires. Each person was visited on the ward, 3 days after operation. Ten more in-patients were recruited to test further the postoperative data collection process. No material changes were made following this.
Measurement
Baseline measures were used to characterize the sample on entry to the study ( Table 2 ). The questionnaires were next administered in a face-to-face interview on the third postoperative day. If the patient was still in the intensive care unit then these questionnaires were given 3 days after transfer to the ward.
Thereafter questionnaires with accompanying letters were sent by post to the patient 6 weeks, 3 and 6 months after operation. On each occasion the questionnaires were administered in the same order: the SF-36, followed by the HAD, Well-Being and Pain. Nonrespondents were followed-up 2 weeks after the questionnaires had been sent with a letter and further questionnaires. If after 7 more days they still had not replied they were telephoned. When two sets of questionnaires were returned together the one labelled for that sequence was used. Data were entered on an Access database and checked, blind to the patient's group. Analysis, using SPSS Version 9, was only undertaken once all the patients had completed the study.
Missing data
Each questionnaire was examined for missing responses. The SF-36 Manual [26] recommends that a scale score be calculated if a respondent answered at least half of the items in each of the two major scales. Using this formula, 14 questionnaires were removed at baseline and 19 from the 6 month data. For the HAD scale, questionnaires were deleted where more than one response on a scale (anxiety or depression) was missing. Where only one response was absent, the mean of the rest was entered in the vacant slot. This is recommended practice in the German manual (Herrmann: personal communication) and the majority of questionnaires could be used.
The General Well-Being Questionnaire had the most missing data and the same principles were applied. Forty-one questionnaires were removed for the 'tense and uptight' dimension across the five measurement points and 50 for the 'worn out' scale. The pain questionnaire comprized of a series of related questions that did not produce one overall summative score and there was no reasonable way of estimating a value for missing responses. These were treated as missing values.
Length of hospital stay was calculated from the day of surgery and included the day of discharge. An index of case-mix severity, the Parsonnet score [27] was used on admission and the APACHE 11 score [28] for patients in ICU.
Trial profile
Over one thousand people were approached to enter the study and of the 374 who agreed, 188 were randomized into the experimental arm and 168 to the control (Fig.  1) . Some patients did not follow the protocol, usually because they were admitted before the education intervention could be given. The 'per-protocol' group was small and so later in the study 2:1 randomization was introduced to increase the numbers entering the experimental group. Rigorous attempts were made to keep in contact with participants, however despite this, 27 patients were lost to follow-up or withdrawn. The reasons include the fact that some patients did not have the planned operation and that some patients died.
Characteristics of the total study sample
In order to establish whether randomization had ensured equality between the study groups, experimental and control patients were compared using the intentionto-treat principle.
There were no statistically significant differences for sex, age, consultant or the category of urgency on the waiting list between these two groups (Table 3) . There was a difference in marital status, with proportionately slightly more divorced people in the control as compared to the experimental arm and a few single people. There was a difference in the length of wait with double the number of experimental patients admitted within 3 months compared to control and more control patients waiting over a year. Analysis showed no significant differences in ethnic or occupational group. Risk, as defined by the Parsonnet score was similar between the groups. Mann-Whitney U tests were also used on the results of the SF-36 physical and mental health scores, the anxiety and depression scales of the HAD, Pain and the two dimensions of General Well-Being ('worn out', and 'tense and uptight'). All showed no significant differences. Thus the only statistically significant and potentially important differences between the two groups were in marital status and length of wait for operation, the control group having the longer wait.
Comparison between people who completed the protocol and those who did not
Because several patients did not follow the protocol fully, comparison was carried out to compare those who followed the protocol with the people who did not. Differences were established in respect of the consultant responsible for their care (chi-squared=17·15 df=6; P=0·01), ethnic group (chi-squared=27·87 df=1; P<0·001) and the length of wait (chi-squared=28·35 df=3; P<0·001). This probably resulted from the fact that some patients were admitted prior to receiving the intervention and some who waited a long time were transferred to another hospital.
Outcomes 6 months after surgery
For the purposes of the primary analysis, the point 6 months after operation was selected, as existing research had examined the early but not the longer-term impact of education given to patients before operation. The difference between baseline measurement and that at 6 months for each outcome was calculated. This showed that people had generally improved on all dimensions. Where one group had improved more than the other, the changes always favoured the control (Table 4) . Differences in anxiety and pain, on the Visual Analogue Scale, between experimental and control groups for all people in the study were examined as the primary outcome and showed no significant difference between the groups. Analysis also demonstrated no significant difference in depression between experimental and control subjects. The overall picture of no significant differences on the outcomes was confirmed for wellbeing i.e. worn out and tense and uptight, 6 months after operation. Thus the null hypothesis that the educational intervention had no impact on the outcomes measured was supported, in respect of 6 months after operation (Table 4) . However, the findings in respect of the dimensions of wellbeing should be viewed with some caution as the GWBQ questionnaires suffered from a number of missing responses.
Outcomes 3 days after operation
It is important to consider whether a difference existed early on, but had disappeared later in the postoperative course. Analysis of the variables that represented the change from baseline to 3 days after surgery showed no significant differences between experimental and Tense and uptight  Pain   n  315  315  327  327  319  321  316  Mean  32·94  47·48  7·39  5·75  20·29  13·95  37·15  Standard deviation  9·77  11·29  4·38  3·33  7·22  6·81  26·92  Median  31·37  49·11  7·00  5·00  21·00  13·00  38·00  Range  9·76-59·53  15·32-67·11  0-20  0-16  2-41  0-37  0-98 Source: SF-36; HAD; GWBQ and VAS. *The SF-36 works in the opposite direction to the other tools, so a higher score reflects better health.
control groups. This included anxiety (Mann-Whitney U=11 636; Z= 0·28; P=0·78), pain (Mann-Whitney U=10 197·5; Z= 0·72; P=0·47), depression (MannWhitney U=10 756; Z= 1·24; P=0·22) and both aspects of wellbeing: worn out (Mann-Whitney U=9717·5; Z= 1·49; P=0·14) and tense and uptight (Mann-Whitney U=10 008; Z= 1·27; P=0·21). These analyses demonstrate that not only was there no significant difference between groups late in the postoperative course but that contrary to the findings from other studies, there was also no significant difference early after coronary artery bypass surgery. This was the case even when only the patients who had followed the research protocol were examined. The fact that the finding of 'no difference' was sustained when all the subjects analysed in the experimental group will have received the education intervention, adds weight to the overall result that education given pre-operatively has no impact on postoperative anxiety and pain or on depression and wellbeing.
However analysis of baseline data had shown a difference between the experimental and control group in the length of time they had waited for operation. This could act as a possible confounding factor, associated with the outcomes. A Kruskal-Wallis test showed no differences between the groups (Table 5) in respect of the outcomes discussed. This suggests that the variation in waiting time for operation that occurred between experimental and control subjects did not affect the findings of 'no difference' between the groups.
Length of stay in hospital
The final question was whether there would be a reduction in length of stay in hospital for patients who had received teaching before admission as compared to counterparts who had not participated in this education. The pattern of the data suggested that it may have been 'log' normally distributed; however, transformation and analysis using the Kolmogorov-Smirnov one sample test for normality (P<0·001), demonstrated that it was not normally distributed. Therefore, the non-parametric Mann-Whitney U test was used. A significant difference between groups (P=0·01) was found with the control patients having the shorter stay (Table 6) . Again because the disparity in the length of wait for operation between experimental and control subjects could have acted as a confounding factor, patients were categorized according to the time waited. Analysis with a Kruskal-Wallis test revealed no statistically significant differences between the two arms of the trial in each of the subgroups (chi-squared=1·13; df=3; P=0·77). In order to see if a difference in postoperative illness severity might have existed between groups, data on APACHE scores were analysed. These showed no significant differences between groups in relation to their APACHE score 24 h after surgery (Mann-Whitney U 2228; Z= 0·21; P=0·84) or on discharge from intensive care (Mann-Whitney U 1720; Z= 0·71; P=0·48). This all supports the proposition that education given before admission is actually associated with a longer length of stay following a first episode of coronary artery surgery. From this analysis, the hypothesis of 'no difference' between trial groups in respect of anxiety, pain and the secondary outcomes of depression and wellbeing has been upheld (Table 7) . When it came to the impact of education on the time spent in hospital the hypothesis was rejected. The control group had the shorter stay.
Discussion
When considering the results it is worth bearing in mind the study sample. The majority of patients in this research were white, male and from the third (manual) occupational group upwards. People had to understand and write English. The other important factor is that the extra visit to the hospital acted as a deterrent to many patients who did not wish to travel or who could not attend the clinic. Perhaps also they did not feel well enough to take on a commitment to the research, although the median Parsonnet score was the same for people who declined the study and those who joined. Such factors nevertheless limit the extent to which findings can be generalized to the whole population of people having coronary artery surgery and the results should be reviewed with this in mind. Analysis of data from patients when they entered the study showed that randomization had ensured equality in the groups, with the exception of length of wait for operation. The control group had the longer wait; however, statistical tests suggested that this had not acted as a confounding factor. It is important to consider whether some other circumstance influenced the length of stay for one group more than the other. During the research a greater proportion of the control patients as compared to intervention went through the fast-track system of care but about the same percentage from each group went to intensive care. However, most of the small number of people who returned to ICU came from the experimental group. Was one group more sick than the other and did this have an impact on their stay in hospital? Although, from the data collected in the study, small dissimilarities were seen in the progress of patients, the scale of these appears insufficient to have affected the variation between groups.
For patients requiring intensive care there was no significant difference in their APACHE scores 24 h after surgery or on discharge from intensive care. Patients from both groups remained in the unit for similar lengths of time. In addition to these known factors, there are other unknown issues that may have exerted an influence. These include severity of disease as rated by findings from coronary angiography, length of time on cardiopulmonary bypass, number of grafts and intraoperative blood loss. The study took place over nearly 4 years and patients had surgery during a period of 3·5 years. Innovations, such as beating heart surgery, were introduced in that time. And yet the differences in length of stay between experimental and control groups was not accounted for by the timing of surgery, either early or late in the study. However, whilst the difference is indeed statistically significant, it is not clear the extent to which a differential stay of one day is important clinically for patients.
Critique of the study
There are many reasons why a study might fail to find a significant difference between groups. The first is that there really is no significant difference on the outcomes chosen between experimental and control patients. For this to be the case the research sample has to be large enough for important differences, if present, to be detected. The fact that 269 patients followed the protocol completely gives a power estimate of well over 80%, to show a 25% variation between groups at the 0·05 level of significance.
Confounding was minimized by randomization and patients in the two groups were similar at baseline, however, some factors, such as the interval between education and surgery, could not be controlled. The patient was treated as the unit of analysis (Altman 1997) throughout the study, which can mean more insignificant, but true results are likely.
There was a differential loss of subjects from the comparison groups, however, the finding of 'no difference' was confirmed when only the per-protocol patients were analysed, suggesting that difficulty with the process of the study did not change the result. Discussion of the lack of differences between groups has to consider the measurement tools. All suffered more than expected from missing data, although the loss of patients to follow-up described above together with levels of missing data were below the 15% overall and 10% difference between groups, suggested as important by Devine and Cook [6] . A strength of this study, and a reason as to why the significant and non-significant results may be true where others have reported a different answer, is that, although subjects knew to which group they had been assigned, staff were unaware of, i.e. blind to, the allocation. Data were collected, inputted and checked, blind to the person's assigned group. No subjective estimates of the patients' condition postoperatively were made: patients' responses were the basis of all data and analyses. Therefore the chance for staff to affect the results were considerably less than in some comparable studies.
Education, both control and intervention, was given by hospital staff as part of their normal practice and as the independent variable in this study, the education intervention, was stronger than any other in the literature and used all the strategies recommended. Devine [5] had made the point that whereas positive findings resulted from education, this was usually given by the researcher and it was not possible to examine whether findings could be generalized to situations where regular staff provide the teaching. The present study suggests that they cannot.
The study compared one form of education with another, and not with 'no education'. In generating an insignificant result on many of the outcome measures, the research does not prove that education fails to benefit patients, but rather that education before admission does not benefit patients in respect of certain measures. It also suggests that in some cases it may have a negative impact, namely on length of stay. There may also have been differences on outcomes other than the factors that were the focus of this study.
Implications for practice
Research seeks to provide definite answers to important questions, which can inform clinical practice, enabling evidence based patient care. The results challenge some of the generally accepted beliefs about pre-operative education. The dilemma they generate is over whether to Pre-operative education and bypass surgery 673 continue additional education in the absence of demonstrable benefit, and in the light of the association with a longer length of stay. The education clinic could be a service available for those who chose it, rather than a part of the routine pre-operative programme. For the wider population of people having cardiac surgery at other centres and where such a programme is not available then a cautious approach should be adopted, and new programmes evaluated.
Future research directions
The waiting period for cardiac surgery is long, frequently over a year, although recent government plans have target improvements. A single day of education without an associated programme of support may be inadequate. Thus an alternative is to develop the intervention into a programme of education and support throughout the waiting period, with a trial to evaluate the impact. Telephone interventions, education using CD-ROM and the Internet all offer possibilities. Programmes could be tailored more accurately to meet individual needs and patients could help develop them. There are many changes in technology that could be exploited to benefit people having all kinds of treatment and which are in their infancy. Now is the time to evaluate them in well-designed trials, before they become established without evidence of effectiveness.
Finally the emphasis in the literature of pre-operative education has been on the impact postoperatively, and the present study is no exception. Little is known about the effect on pre-operative measures.
